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DETAILED ACTION 
Status of the Claims 

1 . Claims 3 1 , 32, 36, 37, 44, 49, 50, 52-66 and 68-80 are pending. 

Applicants' amendment filed June 29, 2007 is acknowledged. Applicants' response has 
been fully considered. Claims 44, 50, 52, 53, 57, 59, 62, 68-70, 72-74 and 78 have been 
amended. Therefore, claims 31, 32, 36, 37, 44, 49, 50, 52-66 and 68-80 are examined. 

Withdrawn Claim Rejections - 35 USC S 112 

2. The previous rejection of claims 44, 50 and 68-80 under 35 U.S.C. 1 12, first paragraph, 
scope of enablement, is withdrawn in view of applicant's amendment to the claims, and 
applicant's response at pages 14-15 in the amendment filed June 29, 2007. 

3. The previous rejection of claims 36, 37, 50, 52-65, 69 and 70 under 35 U.S.C. 1 12, 
second paragraph, is withdrawn in view of applicant's amendment to the claims, and applicant's 
response at page 15 in the amendment filed June 29, 2007. 

Examiner's Amendment 

An Examiner^s Amendment to the record appears below. Should the changes and/or 
additions be unacceptable to applicant, an amendment may be filed as provided by 37 CFR 
1 .3 12. To ensure consideration of such an amendment, it MUST be submitted no later than the 
payment of the issue fee. 

Authorization for this examiner*s amendment was given in a telephone interview with 
Gregory Einhom on July 12, 2007. 

Examiner's Amendment to the Specification: 

Please replace the abstract filed July 22, 2003 with the following Abstract: 
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ABSTRACT 

The present invention provides methods for producing enantiomerically pure a- 

substituted carboxylic acids such as a-amino acids and a-hydroxy acids, the method comprising 

combining an aldehyde or ketone with a cyanide and ammonia, an ammonium salt or an amine, 
in the presence of a nitrilase or a polypeptide having nitrilase activity which stereoselectively 
hydrolyzes the amino nitrile or cyanohydrin intermediate under conditions sufficient to produce 
the enantiomerically pure a-substituted carboxylic acid such as a-amino acids and a-hydroxy 
acids. 
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Examiner's Amendment to the Claims: 

Claims 44, 49, 50, 57-60, 66, 68-70, 72-76, 78 and 79 have been amended as follows: 

44. (Currently amended) A method for producing an alpha-substituted carboxylic 
acid, said method comprising 

contacting an aldehyde or ketone with a cyanide containing compound and an ammonia- 
containing compound, an ammonium salt or an amine under conditions to produce an amino 
nitrile or a cvanohvdrin intermediate , and 

hydrolyzing the resulting amino nitrile or cyanohydrin intermediate with a nitrilase, 
wherein the nitrilase hydrolyzes the intermediate in the presence of the reaction components to 
produce an alpha-substituted carboxylic acid and wherein the nitrilase has (i) an amino acid 
sequence having at least 95% sequence identity to an amino acid sequence consisting of SEQ ID 
N0:2 or SEQ ID N0:4 wherein the amino acid sequence retains the same biological activity as 
SEQ ID N0:2 or SEQ ID N0:4, or (ii) an amino acid sequence is encoded by a nucleic acid 
having at least 95% sequence identity to an nucleic acid sequence consisting of SEQ ID NO: 1 or 
SEQ ID N0:3, wherein the nucleic acid encodes a nitrilase enzyme, 

wherein said a-substituted carboxylic acid has the following structure: 



Ri and R2 are each independently -H, substituted or unsubstituted alkyl, alkenyl, alkynyl, 
aryl, heteroaryl, cycloalkyl, heterocyclic, wherein said substituents are lower alkyl, hydroxy, 
alkoxy, mercapto, cycloalkyl, heterocyclic, aryl, heteroaryl, aryloxy, or halogen or optionally Ri 
and R2 are linked to cooperate to form a functional cyclic moiety, and 

E is -N(Rx)2 or -OH, wherein each Rx is each independently -H or lower alkyl. 

49. (Currently amended) A method for stereoselectively producing an alpha- 
substituted carboxylic acid, the method comprising 

providing a composition comprising a nitrilase, wherein the nitrilase has an amino acid 
sequence consisting of SEQ ID N0:2 or SEQ ID N0:4, or a enzymatically active fragment 




wherein: 



I 
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thereof, wherein the fragment retains the enzymatic function of SEQ ID N0:2 or SEQ ID N0:4; 
and 

contacting reaction components with the composition such that the nitrilase 
stereoselectively hydrolyzes the resulting amino nitriie or cvanohvdrin intermediate in the 
presence of the reaction components to produce an alpha-substituted carboxylic acid, 

wherein the reaction components are an aldehyde or ketone, a cyanide-containing 
compound, and an ammonia-containing compound, ammonia salt, or amine, 

wherein said a-substituted carboxylic acid has the following structure: 




wherein: 

Ri and R2 are each independently -H, substituted or unsubstituted alkyl, alkenyl, alkynyl, 
aryl, heteroaryl, cycloalkyl, heterocyclic, wherein said substituents are lower alkyl, hydroxy, 
alkoxy, mercapto, cycloalkyl, heterocyclic, aryl, heteroaryl, aryloxy, or halogen or optionally Ri 
and R2 are linked to cooperate to form a functional cyclic moiety, and 

E is -N(Rx)2 or -OH, wherein each Rx is each independently -H or lower alkyl. 

50. (Currently amended) A method for stereoselectively producing an alpha- 
substituted carboxylic acid, said method comprising mixing reaction components to produce an 
amino nitriie or a cvanohvdrin intermediate, and hydrolyzing stereoselectively the amino nitriie 
or cvanohvdrin intermediate in the presence of the reaction components with a nitrilase, 

wherein the reaction components are an aldehyde or ketone, a cyanide-containing 
compound, and an ammonia-containing compound, ammonia salt, or amine, 

wherein the nitrilase has (i) an amino acid sequence having at least 95% sequence 
identity to an amino acid sequence consisting of SEQ ID N0:2 or SEQ ID N0:4 wherein the 
amino acid sequence retains the same biological activity as SEQ ID N0:2 or SEQ ID N0:4, or 
(ii) an amino acid sequence is encoded by a nucleic acid having at least 95% sequence identity to 
an nucleic acid sequence consisting of SEQ ID NO: 1 or SEQ ID NO: 3 wherein the nucleic acid 
encodes a polypeptide having the same biological activity as SEQ ID NO:2 or SEQ ID N0:4, 



f 
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wherein said a-substituted carboxyiic acid has the following structure: 




wherein: 

Ri and R2 are each independently -H, substituted or unsubstituted alkyl, alkenyl, alkynyl, 
aryl, heteroaryl, cycloalkyl, heterocyclic, wherein said substituents are lower alkyi, hydroxy, 
alkoxy, mercapto, cycloalkyl, heterocyclic, aryl, heteroaryl, aryloxy, or halogen or optionally Ri 
and R2 are linked to cooperate to form a functional cyclic moiety, and 

E is -N(Rx)2 or -OH, wherein each Rx is each independently -H or lower alkyl. 

57. (Currently amended) The method of claim. 31 or 32 or 66, wherein said a- 
substituted carboxyiic acid is an a-hydroxy carboxyiic acid. 

58. (Currently amended) The method of claim 57, wherein said a-hydroxy 
carboxyiic acid is (S)-cyclohexylmandelic acid, mandelic acid or 2-chloro mandelic acid. 

59. (Currently amended) The method of claim 3 1 or 66, wherein said cyanide- 
containing compound compris e s is a metal cyanide or a gaseous cyanide. 

60. (Currently amended) The method of claim 59, wherein said cyanide-containing 
compound compris e s is an alkali cyanide. 

66. (Currently amended) A method for stereoselectively producing an alpha- 
substituted carboxyiic acid, said method comprising 

(a) providing a polypeptide having nitrilase activity, wherein the nitrilas e polypeptide is 
encoded by a nucleic acid that hybridizes under stringent conditions to a sequence as s e t forth in 
consisting of SEP ID NO: 1 or SEQ ID N0:3, and the stringent hybridization conditions 
comprise hybridization in a solution comprising 0.1 5MNaCl, 10% foimomid e , for 15 minutes 
at^?a^ 6 X SSC. 5 X Denhardt's reagent. 0.5% SDS, salmon sperm DNA and 50% formamide at 
42 °C , and a wash step comprising a wash in a buffer comprising 150 mM NaCl, 20 mM Tris 
hydrochloride, pH 7. 8 , 1 mM Na2EDTA, 0.1 x SSC. 0.5% SDS, at between hybridization reem 
temperature and 68 °C for 30 minutes; 
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(b) contacting a composition comprising an aldehyde or ketone moiety with a cyanide- 
containing compound and an ammonia- containing compound, an ammonium salt or an amine, 
thereby producing an amino nitrile or cyanohydrin intermediate; and 

(c) hydrolyzing stereoselectively the resulting amino nitrile or cyanohydrin intermediate 
with the polypeptide having nitrilase activity to produce an alpha-substituted carboxylic acid, 

wherein said a-substituted carboxyHc acid has the following structure: 



Ri and R2 are each independently -H, substituted or unsubstituted alkyl, alkenyl, alkynyl, 
aryl, heteroaryl, cycloalkyl, heterocyclic, wherein said substituents are lower alkyl, hydroxy, 
alkoxy, mercapto, cycloalkyl, heterocyclic, aryl, heteroaryl, aryloxy, or halogen or optionally Ri 



E is -N(Rx)2 or -OH, wherein each Rx is each independently -H or lower alkyl. 

68. (Currently amended) The method of claim 44, wherein the nitrilase has 

(i) an amino acid sequence having at least 97% sequence identity to an amino acid sequence 
consisting of SEQ ID N0:2 or SEQ ID N0:4, or (ii) an amino acid sequence is encoded by a 
nucleic acid having at least 95% sequence identity to an nucleic acid sequence consisting of SEQ 
IDN0:1 orSEQIDNO:3. 

69. (Currently amended) The method of claim 50, wherein the nitrilase has 

(i) an amino acid sequence having at least 97% sequence identity to an amino acid sequence 
consisting of SEQ ID N0:2 or SEQ ID N0:4, or (ii) an amino acid sequence is encoded by a 
nucleic acid having at least 97% sequence identity to an nucleic acid sequence consisting of SEQ 
IDN0:1 orSEQIDNO:3. 

70. (Currently amended) The method of claim 69, wherein the nitrilase has 

(i) an amino acid sequence having at least 99% sequence identity to an amino acid sequence 
consisting of SEQ ID N0:2 or SEQ ID N0:4, or (ii) an amino acid sequence is encoded by a 
nucleic acid having at least 99% sequence identity to an nucleic acid sequence consisting of SEQ 
IDN0:1 orSEQIDNO:3. 




wherein: 



and R2 are linked to cooperate to form a functional cyclic moiety, and 
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72. (Currently amended) A method for producing an alpha-substituted carboxylic 
acid, said method comprising 

(a) providing a composition comprising an aldehyde or ketone, and a cyanide- 
containing compound and an ammonia- containing compound, an ammonium salt or an amine; 

(b) providing a polypeptide having nitrilase activity, wherein the polypeptide has m 
amino acid soquenco comprising (i) an amino acid sequence having at least 95% sequence 
identity to a sequence as set forth in consisting of SEQ ID NO:2 or SEQ ID N0:4, or (ii) an 
amino acid sequence encoded by a nucleic acid having at least 95% sequence identity to an 
nucleic acid sequence consisting of SEQ ID NO: 1 or SEQ ID N0:3; 

(c) contacting the composition with the cyanide-containing compound and the 
ammonia-containing compound, ammonium salt or amine under conditions wherein an amino 
nitrile or cyanohydrin intermediate is produced; and 

(d) hydrolyzing the resulting amino nitrile or cyanohydrin intermediate with the 
polypeptide having nitrilase activity, thereby hydrolyzing the intermediate in the presence of the 
reaction components to produce an alpha-substituted carboxylic acidj 

wherein said a-substituted carboxylic acid has the following structure: 

wherein: 

Ri and R2 are each independently -H, substituted or unsubstituted alkyl, alkenyl, alkynyl, 
aryl, heteroaryl, cycloalkyl, heterocyclic, wherein said substituents are lower alkyl, hydroxy, 
alkoxy, mercapto, cycloalkyl, heterocyclic, aryl, heteroaryl, aryloxy, or halogen or optionally Ri 
and R2 are linked to cooperate to form a functional cyclic moiety, and 

E is -N(Rx)2 or -OH, wherein each Rx is each independently -H or lower alkyl. 

73. (Currently amended) The method of claim 72, wherein the polypeptide having 
nitrilase activity has (i) an amino acid sequence having at least 97% sequence identity to an 
amino acid sequence consisting of SEQ ID N0:2 or SEQ ID N0:4, or (ii) an amino acid 
sequence is encoded by a nucleic acid having at least 97% sequence identity to an nucleic acid 
sequence consisting of SEQ ID NO: 1 or SEQ ID N0:3. 
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74. (Currently amended) The method of claim 73, wherein the nitrilase having 
nitrilase activity has (i) an amino acid sequence having at least 99% sequence identity to an 
amino acid sequence consisting of SEQ ID N0:2 or SEQ ID N0:4, or (ii) an amino acid 
sequence is encoded by a nucleic acid having at least 99% sequence identity to an nucleic acid 
sequence consisting of SEQ ID NO: 1 or SEQ ID N0:3. 

75. (Currently amended) The method of claim 72, wherein the a-substituted 
carboxylic acid is D-phenylalanine, D-phenylglycine, L-methylphenylglycine, L-tert-leucine, D- 
alanine, D-hydroxynorleucine, R pantolacton e , 2-chloromandelic acid, (S)-mandelic acid, (R)- 
mandelic acid or (S)-cyclohexylmandelic acid. 

76. (Currently amended) The method of claim 72, wherein the polypeptide having 
nitrilase activity hydrolyzes the amino nitrile or cvanohvdrin intermediate in the presence of the 
reaction components to stereoselectively produce an alpha-substituted carboxylic acid. 

78. (Currently amended) A method for producing an alpha-substituted carboxylic acid, 

* 

said method comprising 

(a) providing a polypeptide having nitrilase activity, wherein the polypeptide 

(i) is encoded by a nucleic acid that hybridizes under stringent conditions to a sequence as s e t 
forth in consisting of SEQ ID N0:1 or SEQ ID N0:3, and the stringent hybridization conditions 
comprise hybridization in a solution comprising 0.1 5M NaCl, 10% formamid e , for 15 minut e s 
a^r72^ 6 X SSC, 5 x Denhardt's reagent, 0.5% SDS. salmon sperm DNA and 50% formamide at 
42 °C , and a wash step comprising a wash in a buff e r comprising 150 mM NaCl, 20 mM Tris 
hydrochloride, pH 7.8, 1 mM Na2EDTA, 0.1 xSSC, 0.5% SDS, at between hybridization reem 
temperature and 68 °C for 30 minutes, or, (ii) has an amino acid sequence having at least 95 % 
sequence identity to a sequence as s e t forth in consisting of SEQ ID N0:2 or SEQ ID N0:4; 

(b) providing a composition comprising an aldehyde or ketone moiety; 

(c) contacting the composition with a cyanide-containing compound and an ammonia- 
containing compound, an ammonium salt or an amine, thereby producing an amino nitrile or 
cyanohydrin intermediate; and 

(d) hydrolyzing the resulting amino nitrile of cyanohydrin intermediate with the 
polypeptide having nitrilase activity, thereby hydrolyzing the intermediate in the presence of the 
reaction components to produce an alpha-substituted carboxylic acid. 
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wherein said a- substituted carboxylic acid has the following structure: 




wherein: 

Ri and R2 are each independently -H, substituted or unsubstituted alkyl, alkenyl, alkynyl, 
aryl, heteroaryl, cycloalkyl, heterocyclic, wherein said substituents are lower alkyl, hydroxy, 
alkoxy, mercapto, cycloalkyl, heterocyclic, aryl, heteroaryl, aryloxy, or halogen or optionally Ri 
and R2 are linked to cooperate to form a functional cyclic moiety, and . 

E is -N(Rx)2 or -OH, wherein each Rx is each independently -H or lower alkyl. 

79. (Currently amended) The method of claim 78, wherein the polypeptide having 
nitrilase activity hydrolyzes the amino nitrile or cvanohvdrin intermediate in the presence of the 
reaction components to stereoselectively produce an alpha-substituted carboxylic acid. 



The following is an Examiner's Statement of Reasons for Allowance: The following 
references appear to be related to the claimed invention. Wakamoto et al (U.S. Patent 
5,587,303) teach the contact of a-amiftonitriles with microorganisms or enzyme extracts thereof 
having nitrile-hydrolyzing activity, and the contact produces the corresponding L-amino acids 
with enantiomeric purity; and Bhalla et al (Applied Micro. Biotech 37, 184-190 (1992)) teach 
the reaction of various a-amino nitriles with a nitrilase from Rhodococcus to produce their 
corresponding amino acids. However, the references do not teach or suggest a method of 
stereoselectively producing an alpha-substituted carboxylic acid by mixing reaction components 
of an aldehyde or a ketone with a cyanide-containing compound and an ammonia-containing 
compound or an amine to produce an amino nitrile or a cyanohydrin intermediate, and 
hydrolyzing stereoselectively the amino nitrile or cyanohydrin intermediate with a nitrilase 
consisting of the amino acid sequence of SEQ ID N0:2 or SEQ ID N0:4, or their functional 
fragments, or the amino acid sequence encoded by the nucleotide sequence of SEQ ID N0:1 or 
3. Therefore, the claims are allowable over the art of record. 

Any comments considered necessary by applicant must be submitted no later than the 
payment of the issue fee and, to avoid processing delays, should preferably accompany the issue 
fee. Such submissions should be clearly labeled "Comments on Statement of Reasons for 
Allowance." 
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Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Chih-Min Kam whose telephone number is (571) 272-0948. The 
examiner can normally be reached on 8.00-4:30, Mon-Fri. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Kathleen Bragdon can be reached at 571-272-093 1 . The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Chih-Min Kam, Ph. D. 
Primary Patent Examiner 




CHIH-MIN KAM 
PRIMARY EXAMINER 
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July 13,2007 



